Introduction
Passive immunization with anti-progesterone monoclonal antibody at 32 h post coitum (p.c.) blocks normal early embryonic development (Wang, Rider, Heap & Feinstein, 1984) , prevents the initi¬ ation of implantation and reduces endometrial sensitivity in BALB/c mice (Rider, McRae, Heap & Feinstein, 1985) . The results suggest that a critical concentration of readily available progesterone is required soon after fertilization for embryonic development to proceed normally and sub¬ sequently for implantation to occur. It is important to establish whether this may also be true in animals of other species in which the sequence of events in early pregnancy differs substantially from that in the mouse, and for this purpose we elected to study the ferret. The initiation of implan¬ tation in the mouse occurs during the evening of Day 4 (Day 1, day of mating; Finn & McLaren, 1967) whereas in the ferret a maternal pregnancy reaction is detectable from Day 7 onwards (Day 0, day of mating; Gulamhusein & Beck, 1977) and blastocysts begin to implant on Day 12 (Enders & Schlafke, 1972) . Corpora lutea in the pseudopregnant mouse have a shorter life-span than during pregnancy (Deanesly, 1930) whereas in the ferret their functional life is similar to that in normal pregnancy (Hammond & Marshall, 1930; Heap & Hammond, 1974) . Maintenance of decidual and stromal cells in the uterus of the mouse depends on continual progesterone secretion since cessation of secretion results in the demise of these cells (Finn, 1982) , whereas in the ferret the maternal pregnancy reaction is adeciduate (Beck, 1974) and the endometrium of ferrets ovariectomized at Day 4 p.c. continues to differentiate in the absence of ovarian steroids (Buchanan, 1969 (Wright et al., 1982) . Ascites fluid from cloned DB3 cells was lyophilized, reconstituted with distilled water, divided into 2-5 ml aliquants and stored at -60°C. The immunoglobulin concentration (pool 1, 155 nmol IgG/ml, 154-9 mg total protein/ml; pool 2, 133 nmol IgG/ml, 132-9 mg total protein/ml) was determined in a Beckman Model E analytical ultracentrifuge equipped with Schlieren optics by comparison with a known concentration of IgG. Progesterone binding of the ascites fluid pools was tested after serial dilution in sodium phosphate buffer (005 mol/1), pH (1:2000 up to 1:32 000) by a radioligand binding assay as previously described (Wright et al., 1982) . A volume of 100 µ ascites fluid (15-5 nmol) viously been reported (Sheldrick, Mitchell & Flint, 1980) . The recovery of [3H]progesterone added to plasma was 960 ± 0-7% (mean ± s.e.m., 9 observations), and the sensitivity of the assay was 0-10 ± 002 pmol/assay tube (calculated from 2 s.d. below the value at zero concentration). The intra-assay coefficient of variation was 17-7% and the inter-assay coefficients of variation were 18-9% (3-2 pmol progesterone/ml) and 13-9% (6-4 pmol progesterone/ml). Adding 3-2 pmol/ml and 6-4 pmol/ml progesterone to 10 ml plasma from an anoestrous ferret gave values of 3-0 ± 0-2 pmol/ml and 5-7 ± 0-3 pmol/ml (9 observations Table 3 ). The concentration of progesterone in plasma of the female with implan¬ ted embryos after antibody-treatment was similar to that of non-pregnant treated females (Group 1, Table 3 ). Table 3 . Plasma progesterone concentrations in ferrets after passive immuniz¬ ation with heterologous anti-progesterone monoclonal antibody (see Table 1 for details of treatment) Plasma Morphological appearance of the antibody-treated uterus The endometrium of ferrets treated with antibody appeared similar at Day 14 p.c. to that of the preimplantation endometrium reported by Buchanan (1966) , and to that of pseudopregnant con¬ trol ferrets in the present study (Wang et al., 1984) , and this probably results from an interference with the availability of circulating progesterone for target cell interaction.
In the present study, the concentration of progesterone in the plasma of normal pregnant females at Day 14 p.c. was similar to that previously reported (Heap & Hammond, 1974; Daniel; 1976) . Plasma progesterone concentrations in antibody-treated ferrets, however, were 4-to 6-fold higher than those for pregnant control females injected with saline or an equal quantity of mouse serum proteins. A similar increase in plasma progesterone occurs in mice after antibody treatment (Wang et al., 1984) , and yet an important difference between the two species exists. Corpora lutea in antibody-treated mice have started to regress by Day 10 p.c. (Wright et al., 1982) (Fig. 3) Fig. 7 . Deposits of PAS-positive material after diastase extraction were present in the uterine glands and along the luminal epithelium of the pseudopregnant endometrium. The uterine lumen also contained large amounts of PAS-positive material. PAS, 420. Fig. 8 . The amount of PAS-positive diastase resistant material in the uterine glands of anti¬ body-treated ferrets was similar to that observed in pseudopregnant animals. PAS-positive material was also present along the luminal epithelium and uterine lumen although the amount in the lumen appeared to be reduced in antibody-treated ferrets. PAS, 560. 1974; Gerber, Jacquet, Léonard & Maes, 1979) , so that the much higher values found after anti¬ body treatment in the ferret must be associated with sustained luteal function in the presence of circulating antibody. Heterologous 7S gamma globulin has a half-life of about 4-6 days (Spiegelberg & Weigle, 1965 Whitten (1957) reported a toxic and inhibitory effect of progesterone on the development of 8-cell mouse embryos into blastocysts in vitro when the steroid was added at a concentration greater than 12-7 µ / (4 µg/ml). Similar findings were obtained by Kirkpatrick (1971) with mouse eggs cultured from the 2-cell stage, and by Daniel (1964) and Daniel & Levy (1964) with rabbit eggs cultured from the 1 -cell stage, but in all these studies the concentration of progesterone required was extremely high (25 nmol/1 and 32 µ / , respectively). We do not know whether the concentration of progesterone in the vicinity of the early ferret embryo reaches these levels after passive immunization or whether antibody gains access to the luminal environment in a sufficient amount to produce such an effect. However, preliminary studies with 2-cell mouse embryos show that the addition of purified anti-progesterone monoclonal IgG (up to 7-3 µ / ) saturated with progesterone (15 µ / ) fails to affect the rate of blastocyst formation in vitro (V. Rider, unpublished observations) . The present results also show that tubai transport in the ferret was probably not seriously affected by passive immunization since the proportion of embryos in the uterus and oviduct was similar in antibody-treated animals to that in control animals at Day 6 p.c. (Table 2 ). The available evidence so far supports the hypothesis that passive immunization in early pregnancy causes an arrest of embryo development indirectly, the antibody preventing progesterone from reaching target cell receptors which results in a tubai environment incompatible with normal cleavage.
The importance of maternal progesterone during tubai development of the embryo in vivo has not been investigated previously in this species. Earlier studies in the ferret suggested deleterious effects of ovarian steroid removal on the blastocyst rather than on the pre-cavitation embryo. Buchanan (1969) (Wu & Chang, 1972 It is probable that the antibody also exerts an antifertility effect by reducing the sensitivity of the endometrium to the presence of the blastocyst (Rider et ai, 1985) . The histological appearance of the endometrium in passively immunized animals showed evidence of progesterone stimulation in support of the suggestion of Buchanan (1969) that the ferret endometrium is capable of prolonged response once stimulated by ovarian hormones. However, several investigators have shown that, although the endometrium continues to differentiate after steroid removal, it fails to support the development and normal implantation of blastocysts in ferrets ovariectomized before Day \0 p.c. (Buchanan, 1969; Wu & Chang, 1972 , 1973 Foresman & Mead, 1978) . Implantation will occur at the normal time (Day 13 p.c.) if ovariectomized ferrets are treated with progesterone alone or com¬ bined with oestradiol-17ß (Wu & Chang 1973) , and it has been suggested that there is another ovarian hormone secreted before Day 8 p.c. which acts in conjunction with progesterone to induce nidation (Foresman & Mead, 1978; Mead & McRae, 1982) . It is notable that in several of these studies implantation was delayed by ovariectomy and it seems that ferret blastocysts can withstand a 7-day period of experimentally-induced delay of implantation without loss of viability (Foresman &Mead, 1978) .
Our results indicate that since neutralization of progesterone by passive immunization with a monoclonal antibody arrests implantation in the ferret, such a procedure may provide a new and useful approach to the interception of pregnancy in other carnivores such as the dog and cat. Further work is required to demonstrate how long embryos will survive after antibody-induced developmental arrest and whether delayed implantation will eventually occur even in the absence of exogenous progesterone administration.
